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MCST Walkthrough on MODIS Development
I recommend that everyone print a copy of  charts from this initial file

(MCST/MODIS to  IPO-Briefing.ppt) to follow the flow of the briefing.
Other files are supplemental and can be read from a computer screen as
these are discussed.

The organization of this briefing goes:

Beta Science Images --SEE FILE NAME: MODIS Beta Science Images

BACKGROUND -- SEE FILE NAME:  BACKGROUND

MCST/MODIS to  IPO-Briefing.ppt -- THIS FILE

Spatial -- SEE FILE NAME: SPATIAL

Spectral --SEE FILE NAME: SPECTRAL

Radiometric --SEE FILE NAME: RADIOMETRIC

If you don’t like some of the characterizations, or think it is too
hysterical, Guenther gladly accepts that “credit.”

MCST, B. Guenther, Head
301-943-0350

Guenther@mcst.gsfc.nasa.gov
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SPATIAL
• Principle Test Equipment

– Integration and Alignment Collimator system (IAC)

• Test Issues & Concerns
– Positioning of bands along focal plane based on optimization of science

for co-registration
– Potential thermal and temporal variability of co-registration (in FM1 T/V)
– Spectral leaks, cross-talks, etc, have spectral/temporal/ spatial weighting

functions that need to be applied
– Bands 1-7 are super-sampled; super-frame 1 in Bands 5/7 sampled same

time as super-frame 2 in Band 6
– Minor IFOV non-compliance
– Boresight alignment accuracy & knowledge waved from 108 & 90 arcsec

to 300 arcsec 3-axes, 3-σ
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SPECTRAL - I
• Principle Test Equipment

– Spectral Measurement Assembly  (SpMA)
• 0.25 m double monochromator (w/ dual grating drives)

– Saved ~$10K -20K over 0.5 m w/single grating drive
– SBRS and MCST each spent several times more in analysis costs due to complexity

of dual drives than was saved
– Intrinsic reduction in spectral characterization accuracy and precision

– Hallow cathode spectral line sources
– Neutral Density filters

• Filters and data set filtering used to cover Relative Spectral Response over 4-6
orders
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SPECTRAL - II

• Test Issues & Concerns
– Optics not specified for scattering characteristics (Harvey-Shack

parameters)
– Uniformity of Spectral Measurement Assembly (SpMA) across MODIS

aperture (smile)
– PFM used CaF2 window on SpMA chamber aperture

– FM1 used ZnSe window on SpMA chamber aperture
– Ghosting

• Better A-R coatings, intermediate filtering and tilted RC window

– Clipping of peak RSR in SWIR
– Numerous inconsequential spectral specification violations
– PFM PV LWIR long wavelength OOB measurement not useful

• PFM uses FM1band-average measurements
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SPECTRAL - III

• Test Issues & Concerns (continued)
– RSR sensitive to atmospheric transmission effects
– Spectral leaks

• SWIR 5 µm thermal leak

• PC LWIR Band 31 leaks into Bands 32 - 36

– TEB RSR (in principle) FPA temperature dependent
– Reflected Solar Bands (RSB) filters ion-assist deposition “hardened” but

dichroics were not (effect known in Landsat as air-vacuum shift)
• LESSON - NO OBSERVED WAVELENGTH SHIFT THESE BANDS

– Long λ Band 27 cut-off on Intermediate Stage cooler window

• Cooler loss of margin continuously across mission
• Outgas recovery in August; slower rate to loss of margin

– SpMA output is polarized
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Radiometric - I
• Principle Test Equipment

– Spherical Integrator Source (SIS)
– Solar Diffuser
– Polarization Source Assembly (PSA)
– Blackbody Calibration Source (BCS)
– On-board Calibrator - Blackbody (OBC-BB)

• Test issues & concerns
– Detector division MUSTMUST revise channel ordering convention for VIIRS
– Cross-talk

• Electronic

• Optical:  thermal 5 µm and Band 31 optical

– Large dynamic range/large quantization
– Response versus scan angle not measured on PFM

• Witness samples measured at Lincoln Labs and National Physical Laboratory

– Channel-to-channel and mirror side - to -mirror side differences
• Image banding and striping: serious implications for validation
• Ocean products required precision _ to full order magnitude more demanding than

can be obtained with OBC systems
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Radiometric - II
• Test issues & concerns

– ADC not properly tested at component level
• 16-bit DAC for 12-bit system
• Raw data not saved
• Probably missing codes present at sub-system level
• Specification identified as Differential Non-Linearity
• Seen on orbit as fuzzy histograms (of frequency of occurrence of DN values)

– Inadequate GSE data system
• Never acquire full “video” or multiple OBCs data sets simultaneously
• Analysis mainly of 1 channel per band, single mirror side

– Engineering Model not fully built; poorly tested; data not analyzed carefully
• SW/MWIR detectors “hotter” for flight deliveries

– “Better” FPA-bias selected after EM but not verified
– Radiometric Math Model not effective/useful
– Long-term radiometric stability not demonstrated
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Radiometric - III
• Test issues & concerns

– Several channel-to-channel uniformity specifications missed (out of family gains)
• FPA bias tests (Electronic X-talk) induced OOF gains and non-functional detectors

– Science wanted radiometric accuracy from 0.3 Ltyp to 0.9 Lmax, not Ltyp to
unspecified peak

– Data packets formatted so bands earth-registered in packets
– Round-robin comparisons for SIS, SD/BRF but not BB

• Did not verify relationship between NIST temp and radiance scale

– Several SNR & NEdL out of specification instances
– Full testing at 3 temperature plateaus, 3 detector set points in primary and

redundant electronics expensive, without any cross-strapping
– Absolute radiometric accuracy measured at one angle (AOI)

• Never verified against a dynamic background
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Radiometric - IV
• Test issues & concerns

– Screen transmission highly structured (SD & SDSM)
– Near and far-field optical scattering
– No validation of scatter characteristics, any aperture (PFM)
– No verification of accuracy of reflectance-factor product for RSB

• Calibration for reflectance-factor in water vapor bands far exceeds capability for
radiance calibration in those bands, if SD is “featureless” in those bands too

– PSA anomalous behavior
• alignment difficult to achieve

• 4 Θ  response

• Drift (0º and  360 º  responses     did not match)

– Missed polarization sensitivity many bands, some AOIs
– SIS 100 calibration time consuming and expensive
– SIS uncertainties did not allow determination of RSB non-linearity
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Radiometric - V

• Test issues & concerns
– SD BRF near 2.1 µm  (radiance measurements near any water vapor

features)
– FM1 detector de-lamination

– SWIR bands generally not functional in ambient with BTC
• RC rework and improved rejection coatings not a fundamental help

– SDSM never tested for performance on ground
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Radiometric - VI

• Test issues & concerns
– Missed Lmax/Tmax for some bands; Tsat ~ 300 K on FM1 numerous bands
– Band 21 fire band tested only to ~ 3.5% full scale
– Passive cooler contamination
– Band 27 linear gain is RSR dependent
– BCS BB steps equal temperature range not equal radiance steps for PFM
– Primary radiometric T/V calibration objective in TEB was OBC-BB

emissivity determination wrt ε BCS

– BCS Temperature in-range “green Light” strategy for PFM T/V
– Algorithm in TEB uses linear gain determination each scan line (or 41 line

average)
• a0, a2 from pre-launch and updated on orbit with OBC-BB temperature cycle

– PC LWIR detector drift with OBC-BB heater cycling
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Items not yet addressed in L1B Production algorithm

• Polarization effects, Bands 8 - 10
• Striping and banding improvements
• SDSM screen transmission models
• Changes with time of radiance (or reflectance factor for

that matter too) calibration
• Corrections due to voltage drift when sun comes off/on

solar array
• Improvements to provisional optical cross-talk corrections
• Thermal bands linear gain appears weak function source

temperature
• Band 27 RSR/gain dependence on radiative cooler

intermediate window temperature
• Implementation of Uncertainty Index
• Quality Assessment and Validation testing
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Flight Operations and L1B Product Lessons-
Learned

• MCST is responsible for Flight Operations and
development of  the Calibration (L1B) code
– Today’s briefing touched on almost none of these experiences and

provides almost no lessons-learned in these areas
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Credits

• Contributions come from the entire MCST workforce.  Particular
extra credit (as I can remember it) goes to Harry Montgomery,
Gerry Godden (deceased), Dr.Ed Knight, Jack Xiong, Ken
Anderson, Mike Roberto, Mitch Davis, Bob Martineau, Kirsten
Parker and George Daelemons.

• Science Team Members & reps who also have been ready to help
understand sensor/science issues are Bill Barnes, Wayne Esaias,
Bob Murphy, Peter Minnett, Chris Moeller and Eric Vermote.

• Jim Young, most  of MODIS Project Managers, all of the MODIS
Systems Engineering staff and many others at SBRC/SBRS have
had positive influence on these struggles, and we are getting better
science products as a result of these contributions.
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MODIS FIRST
IMAGE (2/24/00)
Land sfc reflectance

RGB 2,1,3

Note:  As crossing
times drifts to 10:15

over the next two
years, glint region

will move to the east



MODIS Composite April 19,
2000























W. N. Atlantic Chlorophyll - May 8

Red=high, blue= low. Glint correction, but no glint mask.  Glint pattern shows where
data saturate.  Pattern near Gulf Stream and in rings reveals wind-current  interactions
in sfc wave & glint field, and correction is based only on NCEP winds.
Evans/Gordon/Clark
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MODerate Resolution Imaging
Spectroradiometer (MODIS)

Velocity
Vector

• 36 Spectral Bands (490
detectors) cover the wavelength
range from 0.4 to 14.5 µm

• Spatial resolution at nadir: 250,
500 and 1000 meters (depending
on band)

• SD/SDSM, SRCA, and
Blackbody On-Board Calibrators

• 12 bit (1:4096) dynamic range
• 2-sided Paddle Wheel Scan

Mirror scans 2330 km swath

CAL-2
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Lincoln Laboratory Measured Scan
Mirror Average Reflectance

CAL-8
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Principal Scan Angles Mapped to
Scan Mirror Angles of Incidence

Principal Scan Angles
(Earth View: -55˚ to 55˚)
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(Earth View: 10.5˚ to 65.5˚)
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BCS Trapezoid Configuration Achieves > 0.9998 Emissivity (From SBRS)

MODIS
Full Aperture
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LBCS = wP1•L(λ,TP1) + wP2•L(λ,TP2) + wP3•L(λ,TP3)

P1

P2

P3

Blackbody Calibration Source
(BCS)
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The MODIS On-Board Calibrator
(OBC) Blackbody

Dimensions: Inches
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More than 90% of the reflected light
undergoes at least four specular

reflections to achieve > 0.992 emissivity
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12X 39.2˚12X 39.2˚
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Spherical Integration Source

Diffraction order-sorting 
     filter 

Grating

Collimating mirror

Focusing mirror

Entrance slit

Exit slit

Calibration SiPD

Reference SiPD

Didymium glass

To MODIS

Spectro-Radiometric Calibration Assembly --
SRCA
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SPATIAL
• Principle Test Equipment

– Integration and Alignment Collimator system (IAC)

• Test Issues & Concerns
– Positioning of bands along focal plane based on

optimization of science for co-registration
– Potential thermal and temporal variability of co-

registration (in FM1 T/V)
– Spectral leaks, cross-talks, etc, have spectral/temporal/

spatial weighting functions that need to be applied
– Bands 1-7 are super-sampled; super-frame 1 in Bands

5/7 sampled same time as super-frame 2 in Band 6
– Minor IFOV non-compliance
– Boresight alignment accuracy & knowledge waved

from 108 & 90 arcsec to 300 arcsec 3-axes, 3-σ













FM-1 SRCA spatial calibration results in TV-3 (3)
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FM-1 SRCA spatial calibration results in TV-3 (4)

FM-1 shift along-track TV-3 tests
(relative to TV-3 Nominal plateau)  
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SPECTRAL CHARTS
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SPECTRAL 3
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ZnSe transmission chart
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Pre-launch Crosstalk Observation
 (Spatial/Spectral OOB Response Testing)

PCX-16
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Baja, California

Selected Image Area
(28N 114W)
Isla Angel de la Guarda

PCX-17



SPECTRAL 18
Scan Angle °
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Baja California (094.1835; Day Mode) Enhanced Radiance
Images (before PC_XT Correction) in True Color
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SPECTRAL 19

Band 34 (Top) & Band 35 (Bottom) (94/18:35)
No Correction                 Pre-launch Correction                 New Correction

PCX-19



SPECTRAL 20

MODIS PFM TEB On-orbit NEdN_SV
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